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COMPETITIONREMOVALORFOODSTRESS?

David Serrano
Department of Applied Biology, Estacion Bioldgica de Donana (CSIC), Pabellon del Peru, Avenida de Maria Luisa s/n,

41013 Sevilla, Spain

Abstract. —I tested whether higher predation rates by Mediterranean Eagle Owls {Bubo bubo) on other

species of raptors was associated with lower availability of the most profitable prey for this owl, the

European rabbit (Oryctolagus cuniculus). Additionally, I investigated whether the main force regulating

the importance of raptors in the diet of Eagle Owls was the acquisition of food or the removal of

competition. Rabbits are the staple prey of this species in Mediterranean ecosystems of southwestern

Europe. My analysis was based on 17 557 prey items from 19 studies of Eagle Owl diet in Spain and

France. Rabbits and raptors showed significant inverse relationships, but this trend was not significant

when only raptors competing for rabbits were included in the analysis. Thus, trophic diversification

when rabbit numbers were low, including changes in the use of the foraging habitat, seemed to be the

main explanation for this interaction. Rabbit populations have declined sharply after two outbreaks of

viral diseases that have been linked to an increase of other raptors in the diet of Eagle Owls. For this

reason, the management of rabbits could benefit the conservation of raptor communities, of which

eagle owls are a part.

Keywords: Eagle Owl, Bubo bubo;/ood stress', intraguild predation', European rabbit, Oryctolagus cuniculus;

Mediterranean.

Relacion entre aves rapaces y conejos en la dieta de Bubo bubo en el suroeste de Europa; competencia

por remocion o estres por alimento?

Resumen. —Se exploraron las relaciones entre el conejo {Oryctolagus cuniculus) y el resto de las rapaces

en la dieta del buho real {Bubo bubo) en ecosistemas mediterraneos del suroeste de Europa. Asimismo,

se intento determinar si dicha relacion responde simplemente a una busqueda de presas alternativas o

a la eliminacion de competidores. Se recopilo bibliografia que incluia 17557 presas pertenecientes a

19 poblaciones de Espana y Francia. Fueron halladas correlaciones significativas que relacionaban de

forma inversa la contribucion de rapaces y conejos a la dieta del ave. Sin embargo, al incluir en los

analisis unicamente aves rapaces que pueden competir por el conejo las tendencias no fueron signifi-

cativas. Se concluyo que existe una respuesta funcional de los buhos reales en areas con bajos niveles

poblacionales de conejo y que la diversificacion de la dieta y los cambios en el uso del habitat de caza,

y no la eliminacion de competidores, parecen las explicaciones mas plausibles para este tipo de inter-

accion. Las densidades de conejo han sufrido un acentuado declive como consecuencia de la mixo-

matosis y de la neumonia hemorragica virica que parece estar determinando una mayor importancia

de las rapaces en la dieta de los buhos. Consecuentemente, un adecuado manejo de las poblaciones de

conejo podria redundar indirectamente en la conservacion de las aves de presa que comparten habitat

con el buho real.

[Traduccion del autor]

The role of top predators on food-web structure

and predator-prey interactions may have strong im-

plications in conservation and management of

both game-species and predator assemblages (Pal-

omares et al. 1995, Litvaitis and Villafuerte 1996).

In this sense, raptors killing other raptors has been

suggested to affect the structure and other aspects

of population dynamics in bird of prey communi-

ties (Mikkola 1976, Rudolph 1978, Hakkarainen

and Korpimaki 1996). This ecological process is

particularly important when it involves individuals

of endangered species as prey, a case in which the

death of a few individuals may drive local popula-

tions to extinction. There is uncertainty about
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whether raptors kill other raptors simply to acquire

food or to obtain benefits by removing competitors

(Mikkola 1983, Rohner and Doyle 1992). Although

experiments are needed, these are difficult with

such wide-ranging species. Therefore, analysis of

existing empirical data should be encouraged.

Eagle Owls {Bubo bubo) are large nocturnal rap-

tors preying on a wide spectrum of species, both

in terms of body size and ecological requirements.

European rabbits ( Oryctolagus cuniculus) constitute

the preferred prey of this species in Mediterranean

habitats of southwestern Europe due to their abun-

dance and the absence of other prey of similar size

(Hiraldo et al. 1976, Jaksic and Marti 1984, Dona-

zar et al. 1989). However, rabbit densities vary be-

tween areas, specially after outbreaks of viral dis-

eases that have reduced populations (Villafuerte et

al. 1995). Eagle Owls feed preferentially on this

species in Mediterranean areas whenever it is

abundant, but switch to less profitable alternative

prey where rabbits are scarce. Thus, rabbit occur-

rence in the owl’s diet may indicate their local

availability (Donazar 1989, Serrano 1998).

Numerous studies of Eagle Owls have shown the

regular occurrence of raptors in their diet (see re-

view in Mikkola 1983, Penteriani 1996), including

young and adults of threatened species (Real and

Manosa 1990, Telia and Manosa 1993). Eagle owls

may act as both predators and competitors with

other raptors at a similar trophic level, so intra-

guild predation (sensu Polis and Holt 1992) could

be an explanation for such an interaction. Alter-

natively, it has been suggested that Eagle Owls in

Mediterranean ecosystems feed on a larger pro-

portion of raptors in conditions of food stress re-

sulting from rabbit scarcity (Telia and Manosa

1993). This hypothesis requires more study of dif-

ferent populations of raptors and their prey to pro-

vide additional evidence. If raptors actually com-

pete with Eagle Owls (i.e., those feeding on rabbits

are killed when rabbits are scarce), an inverse re-

lationship should occur between their dietary pro-

portions. Alternatively, if food stress as a conse-

quence of rabbit scarcity is the main explanation

for Eagle Owls killing other raptors, there should

be no relationship between the proportion of rap-

tors competing for food and rabbits in their diet.

Thus, studying the dietary contribution of raptors

in different scenarios of rabbit availability could

improve our understanding of interspecific dep-

redation among raptors. The aim of this paper was

to quantify the importance of raptors in the diet

of Mediterranean Eagle Owls and to explore

whether higher predation rates on other raptor

species are associated with lower availability of rab-

bits. Additionally, two hypothesis were tested:

whether food stress or competition removal is the

main force regulating this phenomenon.

Methods

This paper is based on 19 studies of Eagle Owl diet in

Spain and France, which included >200 prey items per

study (Table 1). Most of these studies used the analysis

of pellets from nestlings and adults to determine the diet

which seems to accurately reflect overall owl diet. Nu-
merical and biomass contribution were reported since

frequency is important when looking at the number of

competitors removed and biomass reflects the energetic

yield of each taxonomic group. Percent biomass of each

taxonomic group in the diet were calculated following

Hiraldo et al. (1975a), Real et al. (1985), and Perrins

(1987). A value of 500 g was assigned to each rabbit, as

Eagle Owls actively select young and subadult rabbits

(Donazar and Ceballos 1989).

Falconiformes are active diurnally, whereas Strigifor-

mes are mainly nocturnal, and frequently share foraging

habitats with Eagle Owls. Moreover, nocturnal raptors

can be potentially detected by Eagle Owls through their

vocalizations. Thus, for statistical analysis, Falconiformes

and Strigiformes were considered as two separate groups

Results

Falconiformes and Strigiformes comprised 97

(0.55%) and 223 (1.27%) out of the 17 557 prey

items identified. Biomass frequencies were 0.7 and

1.0%, respectively. This included the depredation

of 10 species of Falconiformes and six of Strigifor-

mes (Table 2), although at least four other species

of Falconiformes (Egyptian Vulture [Neophron perc-

nopterus], Bonelli’s Eagle [Hieraaetus fasciatus],

Booted Eagle [Hieraaetus pennatus^, and Red Kite

[Milvus milvus'\) have also been reported to be

prey of Eagle Owls in Mediterranean ecosystems of

Europe (Perez-Chiscano 1974, Real and Manosa

1990, Telia and Manosa 1993). European Kestrels

{Falco tinnunculus) were the most frequently taken

Falconiform, while Little {Athene noctua) and Barn

{Tyto alba) Owls were the most commonly taken

Strigiforms (Table 2).

Frequency of occurrence of diurnal raptors and

rabbits was negatively related (r, = —0.61, N—19,

P — 0.006), but this trend was not significant for

nocturnal raptors (r, = —0.39, N= 19, P = 0.103).

The contribution of raptor and rabbit biomass to

the owl diet was negatively related when analyzed

separately (Falconiformes: r, = —0.65, P = 0.002;

Strigiformes: r^ = —0.55, N= 19, P —0.014). These

results could have been due to the high biomass
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Table 1. Numerical (N) and Biomass (B) frequencies of Falconiformes (Falc), Strigiformes (Stri), and European

rabbits (Rabb) in 19 populations of Mediterranean Eagle Owls. Sample sizes in each population is given (N).

Locality

Falc Stri Rabb

N ReferenceN B N B N B

Bardenas 0 0 3.7 2.0 64.1 85.1 245 P
Navarra E 0.4 0.7 3.3 2.6 22.7 46.1 958 P
Navarra W 0.3 1.6 1.6 2.5 10.2 26.9 1355 1^

Ebro N 0.4 1.6 0.9 2.9 5.2 31.3 2141 2a

Ebro S 0.8 1.2 1.9 1.3 33.5 65.5 1529 2a

Murcia 1.4 0.8 1.5 0.6 53.6 66.0 1398 3^

Toledo 1 0.1 0.3 0 0 79 77.5 829 qb

Villuercas 0.3 0.9 0 0 42.4 57.4 361 4b

Malaga 0 0 0 0 61.3 77.6 256 5*’

S. Morena 0.2 0.2 0.2 0.1 67.9 76.1 1590 5^

Extremadura 0.2 0.6 0.5 0.4 41.2 53.2 417 5^^

Toledo 2 0 0 0.7 0.3 77.1 83.6 266 5’=

Salamanca 0.7 1.2 0.1 0.1 25.8 43.3 732 5b

Massif Central 3.2 4.2 6 4.7 15.3 19.0 216 6b

Tarn 1 0.6 1.5 1.0 22.8 25.4 595 7b

Herault 0.5 1.0 1.4 1.2 26.5 39.2 623 7b

Provence 1 0.6 0.4 1.4 1.4 19 31.2 2923 8b

Valles 0.3 0.4 0.1 0.3 22.1 34.5 724 9b

Provence 2 0.2 0.2 1.5 0.9 35.8 45.9 399 10b

I Don^ar 1989; 2: Serrano 1998; 3: Martinez et al. 1992; 4: Perez-Mellado 1980; 5: Hiraldo et al. 1975b; 6: Choussy 1971; 7: Cugnasse

1983; 8: Orsini, 1985; 9: Real et al. 1985; 10: Blondel and Badan 1976.

“ Pellet remains from adults.

Pellet remains from adults and nestlings.

Table 2. Number of raptors (N) and numerical (%N) and biomass (%B) frequencies of each species of raptor taken

by Eagle Owls in 19 Mediterranean populations. Species competing with Eagle Owls for rabbits are shown (*).

Species N %N %B

Falco tinnunculus 64 20.0 13.2

Falco peregtinus 1 0.3 1.0

Accipiter nisus 4 1.3 0.7

Accipiter gentilis (*) 2 0.6 2.4

Circus aeruginosus (*) 1 0.3 0.6

Circus pygargus 4 1.3 1.2

Buteo buteo (*) 10 3.1 9.8

Milvus migrans n 5 1.6 5.1

Pernis apivorus 1 0.3 0.9

Circaetus gallicus 1 0.3 2.1

Unidentified Falconiforms 4 1.3 4.1

Tyto alba 76 23.7 23.4

Strix aluco 28 8.7 12.9

Athene noctua 88 27.5 15.4

Asia otus 23 7.2 6.5

Otus scops 8 2.5 0.7

Total 320 100 100
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%biomass contribution of lagomorphs

%biomass contribution of lagomorphs

Figure 1. Percent biomass of lagomorphs in relation to percent biomass of Falconiformes (A) and Strigiformes (B)

in the diet of 19 populations of Eagle Owls {Bubo bubo) in western Palearctic. The symbol * shows the population of

Massif Central.

of raptors in the study from the Massif Central

(Fig. 1). Removing this sample from the analysis

reduced the strength of the relationships, but they

were still significant (Falconiformes: = —0.59, P
— 0.009; Strigiformes: r, = -0.47, N = 19, P =

0.049). Only four species of Falconiformes in these

studies may compete with Eagle Owls for rabbits

(Table 2; see del Hoyo et al. 1994). After removing

the rest from the analysis, the relationship was not

maintained when raptor and rabbit contribution
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was analyzed (numerical frequencies: = —0.17,

N = 19, P — 0.484; biomass frequencies: r, —

-0.32, A^= 19, P = 0.181).

Discussion

My results suggest a close relationship between

rabbits, the main prey, and raptors in the diet of

Eagle Owls. This agreed with Telia and Mahosa

(1993) who found that Eagle Owls seemed to take

a larger proportion of raptors when rabbits were

scarce. The weak relationship between rabbits and
raptors competing for food with Eagle Owls sug-

gested a food-searching rather than a competitor-

removal process. Moreover, the fact that the spe-

cies most frequently taken seldom compete for

trophic resources with Eagle Owls supported this

hypothesis.

Rabbits are social mammals inhabiting flat or

gently undulated Mediterranean scrub habitats of

the western Palearctic. In areas of high density of

rabbits. Eagle Owls seem to concentrate their hunt-

ing effort in distinct perches around burrows. In

contrast, other types of habitat are exploited in ar-

eas with low rabbit densities (Serrano 1998). Eagle

Owls discriminate prey by size rather than by a tax-

onomic criterion, and are capable of killing most

Mediterranean raptors. Thus, when rabbits are

scarce, Eagle Owls probably search for alternative

prey more frequently in habitats used by other rap-

tors for nesting or roosting (e.g., cliffs, woodlands,

and river groves). Thus, an increase of raptors in

the diet is related to diet diversification as a con-

sequence of low rabbit abundance (see Hiraldo et

al. 1976, Donazar et al. 1989, Serrano 1998 for

changes in trophic diversity according to rabbit

availability)

.

Rabbits constitute one of the staple food sources

for the top predator assemblage of Mediterranean

ecosystems in western Europe (Delibes and Hiral-

do 1981). Thus, the decline of European rabbits

in recent decades as a consequence of human-in-

duced epizootic diseases (first myxomatosis, see

Delibes and Hiraldo 1981, and then viral haemor-

rhagic disease, Villafuerte et al. 1995) has been sug-

gested to affect some threatened species of raptors

(e.g., Eernandez 1993, Garza and Arroyo 1996,

Gonzalez 1996, Villafuerte et al. 1998, but see On-
tiveros and Pleguezuelos 2000) . Regardless of the

low incidence of raptors in the overall diet of Eagle

Owls, my results indicated that low rahbit popula-

tions could be influencing the structure of Medi-

terranean raptor communities and the conserva-

tion of endangered sympatric raptors. In this sense,

preliminary results of an ongoing research carried

out in eight study areas in the Italian pre-Alps have

highlighted a significant effect of Eagle Owl abun-

dance on the pattern of nest dispersion, territory

occupation, and productivity of some species in the

diurnal raptor assemblage (Sergio et al. 1999a,

1999b). However, to determine the abundance and
distribution of other raptors in relation to Eagle

Owl diet and rabbit abundance, additional re-

search is needed to assess the impact of this top

predator on raptor communities.
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